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(54) Image-receptive sheets for plain paper copiers. 

(57) A transparent image-recording sheet suitable for use in a plain paper copier, comprising a 
transparent backing having two major surfaces, said sheet having a machine direction, and a transverse 
direction, at least one of the major surfaces having coated thereon, a transparent water-based 
toner-receptive coating comprising : 

a) from about 65 to about 99.9 parts of an imageable polymer ; 

b) from about 0.1 to about 15 parts of at least one polymeric particle having a mean particle size 
ranging from about 1|xm to about 15pjn, and 

c) from 0 to about 20 parts of an antistatic agent 

the toner-receptive coating being coated onto the transparent backing at a time during manufacture of 
the backing selected from the group consisting of 

a) before any orientation of said film, and 

b) after uniaxial orientation in the machine direction. 
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Background of the Invention 

This application is a continuation-in-part of United States Serial Number 08/030,699, filed March 12, 1993, 
which is a continuation-in-part of 07/947,252, filed September 18, 1992. 
5 The invention relates to transparencies for plain paper copiers having a transparent backing and an image- 

receptive coating. 

Description of the Related Art 

10 Oriented films, such as biaxially oriented poly(ethylene terephthalate) films, are widely used as a base for 

transparency films. To improve imageability of such films either in an electrographic or xerographic copier, a 
thermal printer an ink jet printer and the like, such films are usually overcoated with an image-receptive layer. 

Such image-receptive layers are usually coated ante the films after biaxia! orientation ana/or he=: seeing to 
generate a ready-to-use imaging receotor. Most commercially available image receptors are made in this man- 
's ner and the patent literature is full of sucn examples, i.e.. U.S. Patent Ncs. 3.539.340: 4.071,362: 4.055,245; 
4.259.422 and 4.955.222. 

image receotcrs scecrf icai:y usefu: :cr etectrograonic anc xerogram n;c cociers are aisc csczosec ;n u. S. 
PstentNcs. -.359.955: 4,955.225 anr f. - 04.721. 

The csacvamage of making imace-receoxors in tnis manner jstne aacitionai processing involved. Biaxially 

20 oriented films are usua*!y macs at ore location, roiled into iumoos. transoortea to another location, unrolled, 
ana coated wuh the image receptive ccating. Both time and money couid be saved if the image-receptive coat- 
ing could be coated onto the film, either after casting, and/or uniaxial orientation, but prior to any final heat 
setting process. Whiie rhe image-receptive coating is normally coated in this manner, some films also have a 
primer layer coating the primer onto the film substrate during the manufacturing process has been disclosed. 

25 U.S. Patent No. 4,493,872 discloses a coated oriented plastic film wherein the coating is applied in an aqu- 

eous medium comprising a water dispersible copolyester during manufacture of the film, at any suitable stage, 
i.e., before, during, or after the stretching operations. 

U. S. Patent Nos. 4,585,687 and 4,745,019 disclose a primer coated, oriented polyester film material 
wherein the primer is applied in an aqueous medium comprising a water dispersible copolyester at any suitable 

30 stage during the manufacture of the film, again either before, during or after the stretching operations. Slip 
agents such as silicas are mentioned as additives in the coating solution. 

Japanese Patent Publication Hei-Sei 1-160817 discloses a polyester film with antistatic properties, char- 
acterizea by the fact that on at least one- side of the polyester film ma trm l ay er co Htp rr sw wf an acrytic-type* 
binder resin, a copolymerized polyester resin, a microscopic particle having an average diameter of below 

55 0.5um, and an antistatic agent. This coating is applied to the polyester film surface before the crystallization 
orientation is completely finished on the surface of the un-oriented film, or on the surface of the film that is 
oriented in at least one direction, in an aqueous medium. The microscopic particles described can be polymeric, 
such as polystyrene, polymethylmethacrylate, polymethylmethacrylate copolymer material, polymethylme- 
thacrylate copolymer material crosslinking agent, polytetrafluoroethylene, polyvinyl idiene fluoride, polyacry- 

40 lonitrile, benzoguanamine resin, etc., organic microscopic particle powders; silica, alumina, titanium dioxide, 
etc., and other inorganic particle powders. Among these, the organic particle powders, especially the polyme- 
thylmethacrylate powder material is preferred. The average diameter of the particles is preferably in the range 
of 0.01 to 0.15u.m. In the case the diameter is greater than O.SS^m, the transparency properties and the dur- 
ability properties are deteriorated. 

45 In the previous references, the image- receptive coating is always applied to the backing film after the film 

has been completely processed. 

The present inventors have now discovered a new type of transparent film having an image-receptive coat- 
ing useful for producing an image on various copiers using a variety of toners with differing binder resins, with 
excellent toner adhesion, good image quality and good feedability, wherein the image-receptive coating is coat- 
so ed onto the film during the actual manufacturing of the film, rather than subsequent to the formation of the 
film. 

Summary of the Invention 

55 The invention provides a transparent image-recording sheet suitable for use in a plain paper copier, com- 

prising a transparent backing, bearing on at least one major surface thereof, a transparent water-based toner- 
receptive coating comprising: 

a) from about 65 to about 99.9 parts of an imageable polymer; 
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b) from about 0.1 to about 15 parts of at least one polymeric particle having a mean particle size ranging 
from about 1^m to about 15^im, and 

c) from 0 to about 20 parts of an antistatic agent, 

said toner-receptive coating being coated onto said transparent backing at a time during manufacture of said 
backing selected from the group consisting of 

a) before orientation of said film, and 

b) after uniaxial orientation. 

Preferred image-recording sheets of the invention comprise a transparent backing bearing on at least one 
major surface thereof, a toner-receptive coating comprising: 

a) from about 65 to about 99.9 parts of an imaging copolymer formed from 

1) from about 80 parts to about 99 parts of at least one monomer selected from the group consisting 
of bicyciic alkyl (meth)acryiates, aliphatic alkyl (meth)acrylates having from about one to about 12 car- 
bon atoms, aromatic (rneth)acry!ates. sryrene, and 

2) from about 1 part to about 2C parts of a Doiar monomer having the formula: 



F. 




wnerein R is hydrogen or merhyi t and R 2 is selected from the group consisting of hydrogen, identical, 
and differing alkyl groups having up to about 8 carbon atoms, preferably up to about 2 carbon atoms; the 
. N-group can also comprise a cationic salt thereof, and 

b) from about 0.1 to about 15 parts of at least one polymeric particle having a mean particle size ranging 
from about 1 to about 15|im, and 

c) from O to about 20 parts of an antistatic agent selected from the group consisting of cationic agents, 
anionic agents, fluorinated agents, and nonionic agents, 

said toner-receptive coating being coated onto said transparent backing during the manufacturing thereof. 

In one preferred embodiment, image-recording sheets of the invention comprise a particulate filler system 
comprising at least one polymeric particle comprising: 

1 ) at leoot about 20 parts by weiyhl (XJiyinef izeci dkrt dt(metr?)d€r ytafee* having; a formula 1 

CH 2 =CR 2 COOC n H 2n OOCR2=CH 2 
wherein R 2 is hydrogen or a methyl group, and n is an integer from about 4 to about 18, 

2) from 0 to about 80 parts of at least one copolymerized vinyl monomer having the formula 

CH 2 =CR2COOC m H 2m+1 

wherein R 2 is hydrogen or a methyl group and m is an integer of from about 12 to about 40, and 

3) from 0 to about 30 parts of at least one copolymerized ethylenically unsaturated monomer selected from 
the group consisting of vinyl esters, acrylic esters, methacrylic esters, styrene, derivatives thereof, and 
mixtures thereof, a, b and c having a total of 100 parts, and having an average particle size of from about 
0.25[im to about 15|im; however, a narrow particle size distribution is also preferred, i.e., a standard de- 
viation of up to 20% of the average particle size. 

In a more preferred embodiment, the image-recording sheets of the invention comprise a bi-modal par- 
ticulate filler system wherein at least one of the particles comprises a polymeric particle as described above. 

The toner receptive layer can be coated out of a water-based emulsion or aqueous solution using well- 
known coating techniques. For sheets coated out of a solution, the polar monomer is a cationic salt selected 
from the group consisting of 



i +r 

CH 2 =C-C-0 ( CH 2 ) n"N-R 2 



wherein R is hydrogen or methyl, R 1 and R 2 may be hydrogen, identical or differing alkyl groups having up to 
about 8 carbon atoms, preferably up to about 2 carbon atoms, R 3 is an alkyl group having up to twenty carbon 
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atoms containing a polar group such as -OH, -NH 2 , COOH, and X" is a halide. To make the polymer water solu- 
ble, it is preferred to have the cationic monomer with fewer carbon atoms. 

The coating polymer can be prepared using any typical emulsion polymerization technique in an aqueous 
medium. 

5 As used herein, the term "polymer" includes both homopolymers and copolymers. 

As used herein, the term "manufacturing" means the actual making of the article, such as a film, rather 
than any post-processing steps. 

As used herein, the term "orientation" means stretching of a film, which may be either in a single "uniaxial" 
direction, or in two directions simultaneously "biaxially". 
10 All parts, percents, and ratios herein are by weight unless otherwise noted. 

Detailed Description of the Invention 

Image-receDtrve sheets of the invention nave a toner-receptive coating containing an image-receptive layer 
15 comprising from about 65 parts ic aocut 99.9 pans of an imaging poiymer. 

The imaging polymer car be any cclymer or ooiymer biend that can be coatee out a* 2 water-based emul- 
sion of aqueous solution, using any we^ -Known ccanng tecnnicue. Such copolymer can re mace from any etny- 
iervicaity unsaturates monomers anc can induce acr/iates anc met -aery; aies. styrsnes. suDsr^jtac siyrep.es 
ana vmyiiaine ensonces. Tnese pa;ymers can ce suojecxeo to stretcning wltnou: a aversely sffeenric :ne runc- 
20 tiona 1 Drooertiss of the imaging layer. 

The preferred imaging ccpojymer contains from about 80 parts to about 99 parts of at least one monomer 
selected from the group consisting of bicyclic alkyl (meth)acrylates, aliphatic alkyl (meth)acrylates having from 
about one to about tweive caroon atoms, styrenes, and aromatic (meth)acrylates. 

Useful bicydic alkyi(meth)acrylates include, but are not limited to dicyclopentenyl (meth)acrylate, norbor- 
25 nyi (meth)acrylate, 5-norborene-2-methanol, and isobornyi (meth)acryiate. Preferred bicyclic monomers in- 
clude dicyclopententyl (meth)acrylate, and isobornyi (meth)acrylate. 

Useful aliphatic alkyl (meth)acrylates include, but are not limited to, methyl acrylate, ethyl acrylate, methyl 
(meth)acrylate, isobutyi (meth)acrylate, isodecyl (meth)acrylate, cyciohexyi (meth)acrylate, and the like. Pre- 
ferred aliphatic monomers include methyl (met h)acry late, ethyl (meth)acrylate, and isodecyl (meth)acrylate. 
30 Preferred copolymers contain at least one monomer selected from bicyclic alkyl (meth)acrylate, styrene, 

2-phenoxyethyl(meth)acryiate, and isodecyl (meth)acrylate, as these monomers improve the adhesion of to- 
ner to the image receptive coating when used with most commercial copiers. 

Par bculctf ly prefwrwfr copolymers- contzurr at lesst one btcychc (met toyacr^rtate- or* priwToxy^rfwt h^acf "j4a4e, 
and the most preferred copolymers contain at least one bicyclic(meth)acrylate. 
35 For imaging polymers to be emulsion polymerized, the bicyclic alkyl (meth)acrylates preferably comprise 

from about 10 parts to about 80 parts, more preferably from 20 parts to about 60 parts. For solution polymers, 
the preferred minimum amount is lower, i.e., about 5 parts, more preferably about 10 parts. 

Most copiers have a styrene based toner system; the addition of styrene and substituted styrene mono- 
mers yield imaging sheets having very good toner 7 adhesion with such machines. 
40 The copolymer must also contain from about 1 to about 20 parts of a polar monomer having the formula: 

R 
I 

CH 2 =C-C-0- (CH 2 ) n "N-R 2 

45 || | 

o ■ Ri 



wherein R is hydrogen or methyl, R A and R 2 is selected from the group consisting of hydrogen, identical, and 
so differing alkyl groups having up to about 8 carbon atoms, preferably up to about 2 carbon atoms; the N-group 
can also comprise a cationic salt thereof. 

Useful examples include N t N-dialkyl monoalkyl amino ethyl (meth)acrylate, and N,N-dialkyl monoalkyl 
amino methyl (meth)acrylate, N-butyl amino ethyl (met h) acrylate, and the like for emulsion polymers, and qua- 
ternary ammonium salts thereof for solution polymers. Preferred monomers include N,lsr-diethylaminoethyl- 
55 (meth)acrylate, and N f N ? -dimethylaminoethyl(meth)acrylate for emulsion polymers and bromoethanol salts of 
N,N'-dimethyl aminoethyl(meth)acrylate, and N,N*-diethyl aminoethyl(meth)acrylate for solution polymers. 
The presence of these polar monomers improves the adhesion of the toner receptive coating to the transparent 
film substrate or backing. 
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In addition to the bicyciic (meth)acrylate, most preferred copolymers also comprise at least one monomer 
selected from aliphatic alkyl (met h)acry late monomers. 

Polymeric particles useful in the present invention can range from about 1nm to about 15um in diameter and 
can include poly(methylmethacryiate) (PMMA), modified polymethylmethacrylate), poly(tetrafluorethyiene), poly- 
5 ethylene, particles produced from diol di(meth)acrylate homopolymers which impart antifriction characteristics 
when coated on image recording sheets. These diol di(meth)acrylates can be reacted with long-chain fatty al- 
cohol esters of (meth)acrylic acid. Preferred embodiments contain particles selected from PMMA. modified 
PMMA, and particles produced from either diol-di(meth)acrylate homopolymers or copolymers of diol di- 
(meth)acryiates and long-chain fatty afcohof esters of (meth)acrylic acid. 
10 Specifically the microspheres comprise at least about 20 percent by weight polymerized diol di(meth)ac- 

rylate having a formula 

C^^^COOCnH^OOCCR^CHz 
wherein R 2 is hydrogen or a methyf group, anc r. is an integer from about 4 to about IS. Examples cf tnese 
monomers include those seiected from the group consisting of i .4-butanedioi dumetrOacryiate. 1 .6-hexaneaici 
75 difme:h)acryiate. 1.5-octanedioi di(methiacry;ate. 1 .10-oecanecioi dUmetmacryiate, 1.12-dccecanecipi 3r 
(meih>acryiats. 1 .1^- tetrad ecanedioi dtfnetniacrylaie. anc mixtures thereof. 

Preferrec monomers inciuce those s&ectec frcrr tr-e grout: censing rf i,4-ou3necia aiimerniasryjare. 1,5 
nexanecici di (mem ;scryioi= . ~A 2-goo ecanec ia d U r^et - ; scry; . an z ' . 1 SueCecsnedc; cm mem iacryi ate. 
The microspneres may contain un xd asout SO we ten: cercem of at least one ccooiymerzsc viny. monomer 
20 having tne formula 

Ch2=CR 2 COCC m H2m*i 

wherein R 2 is hydrogen or a methyi group and m is an integer of from about 12 to about 40. 

Usefui long-cnain monomers inciuae. but are not limited tciauryi (met h) aery (ate, octadecyi (meth)acrylate, 
stearyl (meth)acryiate. and mixtures thereof, preferably steary! (meth)acrylate. 

25 The microspheres may optionally contain up to about 30 percent by weight of at least one copoiymerized 

ethylenically unsaturated monomer selected from the group consisting of vinyl esters such as vinyl acetate, 
vinyl propionate, and vinyl pivalate; acrylic esters such as methacrylate, cyclohexylacrylate, benzylacrylate, 
isobornyi acrylate, hydroxybutylacrylate and glycidyl acrylate; methacrylic esters such as methyl methacry- 
late. butyl methacrylate, cyclohexyl methacrylate, benzyl methacrylate, y-methacryloxypropyl trimethoxysi- 

30 lane, and glycidyl methacrylate; styrene; vinyltoluene; a-methyl styrene, and mixtures thereof. 

Highly preferred beads include those comprising 50/50 poly(hexanediol-diacrylate/stearyi methacrylate), and 
50/50 pdy(butanediol-diacrylate)\ lauryl(meth)acrylate, 80/20 poly(hexanedioldiacryfate)/stearyf(meth)acrylate, 
50VSO po lym e thylm et hacry l ate* 1.6- hc^ane t ti o ktia tyytefefr, dioWfacrytete, ^cM{me ih)ac r y+ ate , and 
40/50/10 poly(hexanedioldiacrylate)/stearyl(meth)acrylate/ glycidyl (meth)acrylate. 

35 In addition to the above, beads of the present invention may also optionally comprise additives which are 

not ethylenically unsaturated, but which contain functional groups capable of reacting with materials containing 
reactive groups which may also be coated on the substrate along with the anti-friction beads. Such additives 
are useful in modifying the degree of interaction or bonding between the beads and the imaging polymer. Suit- 
able examples include organosilane coupling agents having alkyl groups with 1 to about 8 carbon atoms, such 

40 as glycidoxy trimethoxysilanes such as y-glycidoxypropyi-trimethoxysilane, and (aminoalkylamino) alkyl trime- 
thoxysilanes such as 3-(2-amino ethyl amino) propyl trimethoxysilane. 

For good feedability, the mean particle size preferably ranges from about 1jam to about 15fim. Particles 
smaller than 1um would require the use of more particles to produce an effective coefficient of friction, this 
would tend to also produce more haze. Larger particles than 15u.m would require thicker coatings to anchor 

45 the particles firmly in the coatings, which would increase haze and coating cost. For good performance, the 
particles preferably have narrow particle size distributions, i.e., a standard deviation of up to 20% of the aver- 
age particle size. These ranges are preferably 1-6um, 3-6u.m, 4-8u.m, 6-10u.m, 8-12u.m, 10-15u.m. 

In one preferred embodiment of the invention, a particle system containing more than one particle is used, 
wherein the particles have a bimodal particle size distribution. This is done by mixing particles having 2 different 

so particle size distributions such as particles having a distribution of sizes from 1-4nm mixed with 6-10u.m. 

When bimodal particle systems are used, both particles can be selected from the preferred polymeric 
beads described above, or one of the particles can be selected from such preferred beads and one selected 
from other beads such as PMMA and modified PMMA beads, the second type of bead also preferably having 
a narrow particle size distribution. 

55 When a bimodal particle system is used, particl s having a size smaller than 1u.m can be used as one of 

the particles. For example, a particle having a siz of from about 0.1 urn to about 0.7um can be mixed with a 
particle having a size of from about 1u,m to about 6um. 

Most preferably, both bimodal particles are selected from beads produced from the copolymer of hexane- 
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dioldiacrylate and stearylmethacrylate, having particle size distributions of from about 1 to about4um and from 
about 6 to about 10um, or from about 2 to about 6um and from about 8 to about 12u.m, or from about 0.20 to 
0.5um and from about 1-6u.m. 

Coatings for the final image-receptive sheets useful for copying devices typically range in thickness from 
5 100nm to 1500nm, preferably 200nm to 500nm. If large particles are used, then the coating thickness must 
be increased accordingly to ensure that enough coating material is present to anchor the particles onto the 
transparent substrate, while the coating thickness can be correspondingly lowered for smaller particles. Hence 
the most preferred particle size distributions chosen reflect more on the coating thickness than the feeding 
performance of other larger particle sizes and vice versa. 

10 The microspheres are polymerized by means of conventional free-radical polymerization, e.g., those sus- 

pension polymerization methods described in U.S. Patent No. 4,952.650, and 4.912,009, incorporated herein 
by reference, or by suspension polymerization using a surfactant as the suspending agent and use those ini- 
tiators ncrnaliy suitable for free-radical initiation of acryiaze monomers. These initiators include azc com- 
pounds sucn as2.2-azoDist2-metnyi butyronitrile) and 2.2-azobistisobutyronitriie); and organic percxiaes such 

is as oenzoyiperoxiae and iauroytDeroxice. Forsubmicron Sescs. suspension poiymenzstion is usee wrerein tne 
suspending scent is a surfactant. 

An a rrcsisn z agent may aisc pe present ;n :ne tcner receenve layer. Useful agents are setect&c from tne 
grout; censisung cf non;cn!c arrsststit agents, canon: 2 scents, zr.tamz agents, anc fiuorrnatec agents. Usefu! 
agents :r.c.uce sucr. as tnose avail ssie uncertne trace name AMTER^, e.g.. AMTEP. 71 * C. 10C2. * 003. 1 006, 

20 anc tne like, csrrvauves cf Jeff amine ™ ED-60C. 902. 2000. and 4.000. w;tn FX 6 anc FX1C. avaiiacie from 3M, 
Larostat 71 * 60A. and MarKastat 7 * Ai_-14, avaiiaDie from Mazer Chemical Co., with the preferred antistatic 
agents being ste ram ido- propyl dimethyl-B- hydroxy- ethyl ammonium nitrate, available as Cyastat™ SN, N,N*- 
bis(2-hydroxyetnyi>-NK3"-dodec^cxy-2 , 2-hydrcxyipropyij meihylammonium methyisulfate, available as Cya- 
stat™ 609. both from American Cyanamid. When the antistatic agent is present, amounts of up to 20% (sol- 

25 ids/solids) may be used. Preferred amounts vary, depending on coating weight. When higher coating weights 
are used, 1-10% is preferred, when lower coating weights are used, 5-15% is preferred. 

Where emulsion polymerization of the image polymer layer is desired, an emulsif ier must also be present. 
These include nonionic, or anionic emulsif iers, and mixtures thereof, with nonionic emulsif iers being preferred. 
Suitable emulsif iers include those having a HLB of at least about 10, preferably from about 12 to about 18. 

30 Useful nonionic emulsifiers include C^ to C 18 polyethylene oxide ethanol, such as Tergitol™ especially those 
designated series "S" from Union Carbide Corp, those available as Tritonn™ from Rohm and Haas Co., and 
the Tween™ series available from ICI America. Useful anionic emulsifiers include sodium salts of alkyl sulfates, 
dfoyb sulfonates, atky^e^hersuiftites, oieoto sulfates, atky^aryiether 1 sulfates, a4kytary^potyot"hef" sulfates, diid Iho 
like, commercially available examples include such as those available under the trade names Siponate™ and 

35 Siponic™ from Alcolac, Inc. 

When used, the emulsif ier is present at levels of from about 1 % to about 7%, based on polymer, preferably 
from about 2% to about 5%. 

Additional wetting agents with HLB values of 7-10 may be present in the emulsion to improve coatability. 
These additional surfactants are added after polymerization is complete, prior to coating of the polymeric sub- 

40 strate. Preferred additional wetting agents include fluorochemical surfactants such as 

C 8 F 17 S0 2 N-C 2 H 5 
45 (C 2 H 4 0) n R 

wherein n is from about 6 to about 15 and R can be hydrogen or methyl. Useful examples include FC-170C 
and FC-171, available from 3M. Another useful wetting agent is Triton™ X-1 00, available from Union Carbide. 

Addition of a coalescing agent is also preferred for emulsion based image receptive layers to insure that 
so the coated material coalesces to form a continuous and integral layer and will not flake in conventional copiers 
under copying and fixing conditions. 

Compatible coalescing agents include propylcarbitol, available from Union Carbide as the Carbitol ™ series, 
as well as the Cellusolve™ series, Propasolv ™ series, Ektasolve™and Ektasolve seri sof coalescing agents, 
also from Union Carbide. Other useful agents include the acetate series from Eastman Chemicals Inc., the 
55 Dowanol™ E series, Dowanol™ E acetate series, Dowanol™ PM series and their ac tate series from Dow 
Chemical, N-methyl-2-pyrrolidone from GAF, and 3-hydroxy-2,2 f 4-trimethyl pentyl isobutryate, available as 
Texanol™, from Eastman Chemicals Inc. These coalescing agents can be used singly or as a mixture. 

Other optional ingredients may b present in the image-forming polymer for the purposes of improving 
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coatability, or other features. Useful additives include such as catalysts, thickeners, adhesion pro motors, gly- 
cols, defoamers and the like. 

One preferred optional ingredi nt in the emulsion polymerized embodiment of the invention is an additional 
adhesion promotor to enhance durability of thicker coatings to the substrate. Useful adhesion promotors in- 
5 dude organofunctional silanes having the following general formula: 

T 1 

10 R 2 -Si-(CH 2 ) n -Y 

*3 



wherein R,, R 2 . and R 3 are selected from the group consisting of an alkoxy group anc an aikys grouc- witn tne 
is proviso that at least one aikcxy group is prsserrt n is an integer from 0 tc 4, and Y is an organoid national croup 
selected from the group consisting of cnlorc. rrethacryloxy, amino, giycidcxy. and mercaDto. Useful silane cou- 
pling agents indude such as y-aminosrcDy; mmethoxysiiane, vinyi cnetncxy siiane, virry; rnsip-meinoxy 
e:noxy)-silane. viny! niaceirixy sii an e//-metnacryioxy propyl rime: rrycxy siiane. ^p-aminoetryi'iamincsrc-Dy: 
trimethoxysiiane. and the like. Tne aanesion promotor may be present a: leveis cf from asout 0.5 tc anout 15% 

20 of the total resin, preferably from asou: 4% to about 10%. 

Film substrates may be formed from any polymer capable of forming a seif-sup porting sheet, e.g., films 
of cellulose esters such as cellulose triacetate or diacetate, polystyrene, polyamides, vinyl chloride polymers 
and copolymers, poiyoief in and poiyaiiomer polymers and copolymers, poiysuiphones, polycarbonates, poly- 
esters, and blends thereof. Suitable films may be produced from polyesters obtained by condensing one or 

25 more dicarboxylic acids or their lower a Iky I d testers in which the a Iky I group contains up to about 6 carbon 
atoms, e.g., terephthalic acid, isophthalic, phthalic, 2,5-,2,6-, and 2,7-naphthalene dicarboxylic acid, succinic 
acid, sebacicacid, adipic acid, azelaicacid, with one or more glycols such as ethylene glycol, 1,3-propanediol, 
1 t 4-butanediol, and the like. 

Preferred film substrates or backings are cellulose triacetate or cellulose diacetate, poly(ethylene naph- 

30 thalate), polyesters, especially poly(ethylene terephthalate), and polystyrene films. Poly(ethylene terephtha- 
late) is most preferred. It is preferred that film backings have a caliper ranging from about 50um to about 20041m. 
Film backings having a caliper of less than about 50|im are difficult to handle using conventional methods for 
grapfnc matefiats. Film bdcKtrk^havt/Kf coiiper s over 20Gnnr am atif fei , and' pf&Mifil feeding difficuftios farcer 
tain commercially available copying machines. However, the preferred caliper varies with the type of copying 

35 machine and its requirements, with e.g., color copiers easily handling thick backings. 

When polyester film substrates are used, they can be biaxially oriented to impart molecular orientation, 
and may also be heat set for dimensional stability during fusion of the image to the support. These films may 
be produced by any conventional extrusion method. 

In one preferred embodiment, the polyester film is formed by extrusion or casting. The imaging layer is 

40 coated thereon immediately subsequent to the forming. After coating, it is dried in an oven and then either 
uniaxially oriented in the machine direction to produce a finished product, or simultaneously biaxially oriented 
to produce a finished product. 

In another preferred embodiment, the polyester film is extruded or cast, and uniaxially oriented in the ma- 
chine direction. The imaging layer is coated thereon immediately subsequent in the processing line. After coat- 

45 ing, it is dried in an oven, and then further oriented in the transverse direction to produce a finished product. 

Surprisingly, the use of large polymeric beads, i.e., larger than 1 ^m, does not significantly affect the optical 
properties of the final, transparent image-receptive sheet even through the image-receptive layer is stretched 
after coating. When this process is used, the coated layer exhibits evidence of such stretching under optical 
microscopy, but surprisingly, the coating remains transparent, and the polymer, whether emulsion or solution 

so polymerized, exists in a continuous coated layer without voids, thus showing the high integrity and cohesive- 
ness of the coated layer. 

Optionally, and prior to orientation in the transverse direction, a second imaging layer can be coated onto 
the opposing surface of the film and dried. This second layer can be an identical or different composition to 
the first layer. 

55 Image-recording sheets of the invention surprisingly do not require a prim r layer or surface treatment such 

as corona treatment in order to exhibit good adhesion of the receptive layer to the film substrate, which is com- 
mon in products of this type. 

The image-recording sheet of the invention may also comprise an ink-permeable protective layer such as 
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polyvinyl alcohol, and the like, to insure faster drying. Such layers can be coated onto the imaging layer either 
prior to, or after, transverse orientation. If applied before transverse orientation, an uncrosslinked layer is pre- 
ferred. 

Image-receptive sheets of the invention are particularly useful in the production of imaged transparencies 
for viewing in a transmission mode or a reflective mode, i.e., in association with an overhead projector. 

The following examples are for illustrative purposes, and do not limit the scope of the invention, which is 
that defined by the cJaims. 

Glossary 

BHT 2 TERT-BUTYL 4-METHYL PHENOL 

DMAEMA DIMETHYLAMINOETHYL M ETH AC RYLATE 

EA .ETHYL AC RYLATE 

GMA GLYCIDYL METHYLACRLATE 

HEMA HYDROXYETHYL M ETH AC RYLATE 

IBOA ISOBORNYL ACRYLATE 

I3QMA ISOBORNYL M ETH AC RYLCE 

MA METHYL ACRYLATE 

MMA METHYL M ETH AC RYLATE 

NMP N-METHYLPYRROUDONE 

PC Propyfcarbitol 

PMMA POLYMETHYL M ETH AC RYLATE 

SMA A 50/50 HEXANEDIOLDiACRYLATE/STEARYL 

METHACRYLATE BEAD 
Z6040 GLYCIDOXYPROPYL TRIMETHOXYSILANE 

Test Methods 

Coefficient of Friction 

The Coefficient of Friction, hereinafter "COF" of two stationary contacting bodies is defined as the ratio 
of the normal force "N", which holds the bodies together and the tangential force "F^, which is applied to one 

F L fa m ' '* , fa ^^m-^^ - * * J * - — - - — * - - *■ ■ ■ ■ ^ - fa - - ' - * 1 1 

OT trtfr DOOIG3 SUCTT IFkH SfKJffrg ayaHr&t CQCTT OlTiCf IS tnuUC&Q. 

A model SP-102B-3M90 Slip/Peel Tester, from (mass Co., was used to test the COF of articles of the in- 
vention. The bead-coated sides of two sheets are brought into contact with each other, with 1 sheet attached 
to a 1 kg brass sled, tethered to a force gauge and the second sheet attached to the moveable platen. The 
platen is drawn at a constant speed of 15.24 cm/min., and the maximum and average COF values are obtained 
from the tester readout and recorded. 

Surface Conductivity 

Surface conductivity of the coated film was measured using a Model 240A High Voltage Supply, available 
from Keithley Instruments, along with a Model 41 OA Picoammeter and a Model 6105 Resistivity Adapter. The 
film samples prepared were 8.75 cm x 8.75 cm in size and were conditioned by sitting at 23°C and 50% RH 
overnight. The surface conductivity was measured by placing the film sample between the 2 capacitor plates 
and applying a 500 volt charge. The surface current is then measured in amps, and converted to resistivity 
by using the following formula: 

D _ 53.4 XV 

i 

wherein R equals the resistivity (ohms/sq), V is the voltage, and I is current (amps). 
Toner Adhesion Test 

ASTM D21 97-86 "Adhesion of Organic Coatings by Scope Adhesion** was used to measure toner adhesion 
to th coated surface of the film. Th measurements wer done on samples after the coated film was imaged 
on a variety of commercially available copiers, specifically Xerox 5065. The results were recorded in grams. 
A measurement of about 200 gms or more is acceptabl . 
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Haze 

Haze is measured with the Gardner Model XL-211 Hazeguard hazemeter or equivalent instrument The 
procedure is set forth in ASTM D 1003-61 (Reapproved 1977). This procedure measures haze, both of the 
5 unprocessed film (precopy) and the post copy film, as noted hereinafter. 

Coating Durability Test 

Durability is measured using the SP-102B-3M90 Slip/Peel Tester available from Imass, equipped with an 
10 MB-5 load cell. The platen speed was set at 15.24 cm/minute. A 1 cm x 2 cm rubber was attached by a piece 
of double-coated tape to the middle of the sled with the 2 cm side parallel to the direction of the sliding motion. 
Test samples of the image receptive film were cut into 5 cm x 20 cm and 2.5 by 5 cm pieces. The 5 cm x 20 
cm test piece is attach ec with double- coated tar>e to the ief: enc cf the Diaten and both sides of the 200 c sied 
weignt just above and beiow tne 1 on x 2 cm rubber. The 2 cm x 5 cm test piece is then aracnec tc tne 20C 
is g siec sticn tnat tne 2 cm side is paraiiei to tne 5 cm sice cf tne rubber. Bern test pieces are presseo c assure 
thatthey are fiat and centered. They are then iabeiec and marked. One end of a 20 cm long 12 Kg steel finishing 
tine lescer was Dermanerray zzr.r&czec :c :ne 200 cms sjec arc :ne ctner enc zz the :oac ceu. Tne siec is 
pesisanee SDGve the ;eft enc cf tne oiater snc aiignec wrtr; :: to assure tnst tne leacer is in a reiaxec stste. 
Tne sjed is inen gently iaia ante tne test samcie. 50 C cms of additional weigm is scaec tc- tne siec and tne 
20 platen is aczvatsd After travelling fcr a distance cf accut E zrr.. the ctaten is steppec anc tne samcie removed 
to rate tne aurabiiiry. Tne ratings are according to the following scaie: 

1 - positive for both coating removal and particle flaking. 

2 - negative for coating removai, positive to particle f iaking. 

3 - positive for scratches, negative for both coating removal and particle flaking. 
25 4 - negative for scratches, coating removal and particle flaking. 

Stack Feeding Test 

This test defines the number of failures per 100 sheets fed. Receptor sheets were conditioned in a stack 
30 at a temperature of 25°C and 50% relative humidity, overnight prior to feed testing. Any jamming, misfeed or 
other problems during the copying process was recorded as a failure. 

35 A. Preparation of Diethanolamine-Adipic Acid Condensate Promoter. Equimolaramountsof adipic acid and 

diethanolamine were heated and stirred in a closed reaction flask. Dry nitrogen was constantly bubbled 
through the reaction mixture to remove water vapor, which was condensed and collected in a Barrett trap. 
When 1-1.5 moles of water based on 1 mole of adipic acid and 1 mole of diethanolamine had been col- 
lected, the reaction was stopped by cooling the mixture. The resulting condensate was diluted with water. 

40 B. An aqueous mixture of 600 g deionized water, 1 0 g Ludox SM-30 colloidal silica, available from DuPont, 

2.4 gms of 10% solution of diethanolamineadipic acid condensate promoter (supra) and 0.13 gm of potas- 
sium dichromate was stirred and adjusted to pH 4 by addition of 10% sulphuric acid. A monomer solution 
of 32 gms of 1 ,3-butanediol diacrylate (BDDA, available from Sartomer), and 0.1 5 gm of Vazo 64, (available 
from DuPont) was added to 56 gm of the aqueous mixture and then stirred in a Waring™ blender for two 

45 minutes at the low speed setting. The mixture was then poured into a glass bottle which was then purged 

with nitrogen, sealed and placed in a shaker water bath at 70°C for 20 hours. The contents of the bottle 
were then collected on a Buchner funnel and washed several times with water to yield a wet cake. The 
wet cake was then dried at ambient temperature to give free-flowing powder. 

Polymeric beads having other compositions could also be prepared using such a procedure. These include 
so beads having varying ratios of hexanedioldiacrylate and stearyl methacrylate, mixtures of BDDA and SMA, 
BDDA and lauryl acrylate, and the like. 

Preparation of Submicron Polymeric Beads 

55 A mixture of 1 92 gms of 1 ,6-hexanedioldiacrylate, available from Sartomer, 1 92 gms of stearyl methacry- 

late, available from Rohm and Haas, and 1 .2 gms of Vazo™ 64, available from DuPont was stirred in a beaker 
until the Vazo was completely dissolved. It was then added to a 2 liter resin flask containing 28.8 gms of *De- 
hyquart A", a 25% solution of cetyltrimethylammonium chloride, available from Henkel Corp., and 820 gms of 
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Dl water. The flask was then stirred at 700 rpm for 2 minutes. A coarse emulsion was obtained, which was 
then passed through a Manton-Gaulin Homogenizer from Gaulin Corp. at 500 psi. The emulsion was passed 
through the homogenizer a second time. The homogenized emulsion was then returned to the resin flask and 
heated to 60°C. It was maintained at the temperature for 15 hours under gentle agitation (400-500 rpm) with 
a nitrogen blanket. A stable emulsion was obtained having about 30% submicron polymeric beads. Analysis 
on a Coulter N4 from Coulter Electronics, Inc. revealed an average particle size of 0.25fim. 

The Examples below are illustrative of the present invention and are not limiting in nature. Variations will 
be apparent to those skilled in the art The scope of the invention is solely that which is defined by the claims. 

Examples 

Example 1 

An emulsion polymer was ere Dared according to the following procedure: 
A. Preparation of Emuisicn Polymer 

The following ingredients were admixed according to the orocedures described beiow to make s latex 
bincer for coazr.g or. pi air caoer ccoier transparency fiim. The comncsitcrrs are snown \r. Taste * . 





INGREDIENTS 


WEIGHT % 


' De ionized Water 


73.9 


! Triton™ X405 (Union Carbide Chem. Co.) 


1.23 


isobornyl Acrylate (CPS Chemical Co.) 


8.63 


Methyl Methacryiate (Rohm & Haas Co.) 


9.86 


Ethyl Acrylate (Rohm & Haas Co.) 


4.93 


Dimethyl Amino Ethyi Methacryiate (Rohm & Haas Co.) 


1.23 


Carbon Tetrabromide (Olin) 


0.05 


Ammonium Persulfate (J.T. Baker) 


0.07 



To prepare the present emulsion polymer, Deionized water (Dl water) and surfactant (Triton X405) 
were charged into a four-neck flask equipped with a reflux condenser, thermometer, stirrer, metering pump 
and a nitrogen gas inlet. This was stirred and heated to 70°C under nitrogen atmosphere. In the meantime 
the monomers, IBOA, MMA, EA, DMAEMA and carbon tetrabromide (a chain transfer agent), were pre- 
mixed in a separate container at room temperature to make the monomer premix. When the reaction tem- 
perature leveled off at 70°C, 20% of the monomer premix and the initiator (ammonium persulfate) were 
charged into the reactor to start the polymerization. The reaction was allowed to exotherm. At the exo- 
therm peak, the remaining 80% monomer premix was fed into the reaction using a metering pump over a 
two-hour period while the reaction temperature was maintained at 70°C. After the monomer addition, the 
polymerization was continued for two hours at 70°C to eliminate residual monomers. The latex was then 
cooled to 25°C and filtered through a 25u.m filter. 

B. Pre-Mix Preparation 

Before mixing the bulk coating solution, pre-mixes of the two particulates were made in order to obtain 
adequate dispersion. Master batches of both the 1 .50u.m and 8nm beads were made separately by mixing 
each with enough water to achieve a 25% solid suspension. Each master batch was mixed for 15 minutes 
after addition of the water. 

After mixing for 15 minutes, the % solids of each premix was measured to verify that they were 25%. 
1 .36 kg of the 1.5^im premix and 6.82 kg of th 8(im pre-mix were weighted from their respective mast r 
batches and combined with 6.82 kg of FC-1 70C (1 0% aqueous solution) in a separate container. This mix- 
ture was mixed for 15 minutes before addition to the coating solution which is described below. 

C. Coating Solution Preparation 

263.5 kg of de-ionized water was added to a 150 gallon mix tank. With agitation provided by a 3 blade 
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impeller, 3.41 kg "A- 11 20" was slowly added to the mixture. Agitation was maintained throughout the ad- 
dition of the remaining ingredients described below. 68.2 g of Dow 65 was next added slowly to the mixture, 
followed by a slow addition of 15.9 kg NMP, followed by 5.27 kg Cyastat™ 609. 143.5 kg of the latex was 
then added slowly to the mixture. Finally, the 15 kg of pre-mix described in section "B" above was added 
to the mixture. This completed the solution preparation yielding a 15.30% solids mixture. 
0. Coating of the Latex Coating Solution 

A 1200um thick polyethylene terephthalate (PET) film was extruded at temperatures of about 250-300°C 
onto a casting wheel at a speed of about 25 meters/minute. It was then uniaxially oriented in the machine 
direction about 3.2 times. The solution from Part C was then coated onto one of the sides of the film and 
dried in an oven at about 75°C for about 10 seconds, yielding a dry coating weight of about 1.100 
grams/meter 2 . 

After drying, the film was identically coated on the opposing side, that coating was then dried in the same 
manner. 

Finally, the film was oriented in the transverse direction 4.75 times to yieid a dry coating weight of about 
0.21 a/so meter on eacn sice. 

This sheet was tested according to the test methods described and the results are shown in Tables 2 and 3. 



This example was mace in :ne following manner using tne same emulsion polymer as Example 1: 

A. Pre-mix Preparation . 

Before mixing the bulk coating solution, pre-mixes of the two particulates were made in order to obtain 
adeouate dispersion. Master batches of both the 1 .SO^m and 8jim beads were made separately by mixing 
each with enough water to achieve a 25% solid suspension. Each master batch was mixed for 15 minutes 
after addition of the water. 

After mixing for 1 5 minutes, the % solids of each premix was measured to verify that they were 25%, 
0.87 kg of the 1.50(im premix and 17.5 kg of the 8^m pre-mix were weight from their respective master 
batches and combined with 4.55 kg of FC-170C (10% in water) in a separate container. This mixture was 
mixed for 15 minutes before addition to the coating solution which is described below. 

B. Coating Solution Preparation 

313.2 kg of deionized water was added to a 150 gallon mix tank. With agitation provided by a 3 blade im- 
peller, 2.1 8 kg "A- 11 20" was slowly added to the mixture. Agitation was maintained throughout the addition. 
<A Uhj refrwnriffy MKjfudveiiLu 4ta<ucjibeiJ below. <r of Dow 65 was next adoed .sJow+y to trw-rm* tuf&. 
kg propyl carbitol was then added followed by the slow addition of 12.2 kg NMP. 8.44 kg Cyastat™ 609 
was then added slowly to the mixture, followed by 91.8 kg of the latex solution. Finally, the 22.92 kg of 
pre-mix described in section A was added to the mixture. This completed the solution preparation yielding 
a 10.52% solids mixture. 

This example was also coated and tested according to Example 1 and the results are shown in Tables 2 
and 3. The coating toughness value is slower in this case because of the extremely thin coating weight of the 
water- based ink- receptive coating. 

Example 3 

Example 3 was made in the following manner using the same emulsion polymer as Example 1 . 

A. Pre-mix Preparation. 

Before mixing the bulk coating solution, pre-mixes of the two particulates were made in order to obtain 
adequate dispersion. Master batches of both the 0.25 (im and 8^m beads were made separately by mixing 
each with enough water to achieve a 25% solid suspension. Each master batch was mixed for 15 minutes 
after addition of the water. 

After mixing for 15 minutes, the % solids of each premix was measured to verify that they were 25%, 
0.87 kg of the 0.25nm premix and 8.73 kg of the Sum pre-mix were weight from their respective master 
batches and combined with 454 kg of FC-170C (10% in water) and 0.91 kg Triton™X-100 (TX-100) in a 
separate container. This mixture was mixed for 15 minut s before addition to the coating solution which is 
described below. 

B. Coating Solution Preparation 

325.1 kg of deionized water was added to a 150 gallon mix tank. With agitation provided by a 3 blade im- 
peller, 2.18 kg ^-1120" was slowly added to the mixture. Agitation was maintained throughout the addition 
of the remaining ingredients described below. 68.2 g of Dow 65 was next added slowly to the mixture. 5.82 
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kg propyl carbitol was then added followed by the slow addition of 10.2 kg NMP. 4.22 kg Cyastat™ 609 
was then added slowly to the mixture along 4.22 kg Cyastat™ SN. 91.8 kg of the latex solution was then 
added slowly to the mixture. Finally, the 10.96 kg of pre-mix described in section A was added to the mix- 
ture. This completed the solution preparation yielding a 10.24% solids mixture. 
5 This example was also coated and tested according to Example 1 and the results are shown in Tables 2 

and 3. 

Example 4 

10 This example was made in the following manner using the same emulsion polymer as Example 1. 

A. Pre-mix Preparation. 

Before mixing the bulk coating solution, pre-mixes of the two particulates were made in order to obtain 
a c ecu ate dispersion. Master batches cf bctn tne 0.25 nm and Sum Deads were mace separately by mixing 
each with enougn water to achieve a 25% solid suspension. Each master batch was mixed for 15 minutes 

-5 after addition cf the water. 

After mixing for 15 minutes, the % sciics of each crenix was measured to verify that they were 25%, 
0.57 kg cf tne G.25um d remix anc -.25 kc cf t.ne Slut cre-mix were weicnt from tneir respective master 
carer* es anc ecmc:nec wrrn 45£ g cf FC-172C ; 10% ;n water; and C.S1 kg 7>.-*0C ir s separate container. 
This mixture was rrnxec for 15 minutes before a cam on to tne coating solution wmcn is cescncec oeiow. 

20 5. Coating Solution Precaratior 

329.0 kg of ceionsec water was added to a 150 gallon mix tank. With agitation provided by a 3 blade 
impeller. 2.18 kg "A- 1120" was siowly added to the mixture. Agitation was maintained throughout the ad- 
dition of the remaining ingredients aescribed below. 68.2 g of Dow 65 was next added slowly to the mixture. 
5.82 kg propyl carbitol was then added followed by the addition of 10.2 kg NMP, both being added slowly. 

25 4.22 kg Cyastat™ 609 and 4.22 kg Cyastat™ SN were then added slowly to the mixture followed by 91 .8 

kg of the latex solution. Finally, the 7.04 kg of pre-mix described in section A was added to the mixture. 
This completed the solution preparation yielding a 10.10% solids mixture. 

This example was also coated and tested as described in Example 1, and the results are shown in Tables 
2 and 3. 

30 

Table 2 



Ex 


eta- wt 

(gAn*) 


Ctg. Tough- 
ness 


C.OJR 


Toner AlW i (g) 


} [BIB 




Pre- Copy 


Post-Copy 


1 


.23 


2 


0.41 


897 


2.3 


3.3 


2.4E 11 


2 


.12 


1 


0.35 


1160 


2.2 


3.1 


6.4E 12 


3 


.18 


3+ 


0.20 


938 


2.9 


2.6 


8.1E 10 


4 


.22 


3 


0.26 


874 


2.1 


1.9 


5.8E 10 



Table 3 



50 



55 



Feeding Tests (Failures/100) 


Ex 


Lanier 6155 


Xerox 5028 80% RH/27- 


Ricoh 6750 


Canon 3030 


Canon 6650 


1 


1.3 


0 


0 


0 


0 


2 




0 








3 


4.3 


0.7 


0 


0 


0 


4 


0.3 


0 


0 


0 


0 
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Example 5 

The formulation shown below in Table 4 was admixed and coated using a procedure similar to that dis- 
closed in the previous examples. The binder in this case is a copolymer of vinylidine chloride (90%), ethyl ac- 
rytate (9%) and itaconic acid (1%). 



Table 4 



Coating Formulation 


Weight (kg) 


% Solids 


% of Total 


Latex Binder 


33.3 


21 


j 94.44 


6um PSMA Beads 


0.80 


25 


[221 


0.25u.m PSMA 3eaas 


o.ie 


25 




G.45 


FC-170C Surfacxarrt 


i .U 


10 




2.84 



PET fiim was extruded ante 2 zzszi-g wheei at 2^ f t ; min. 7ns thickness -zr the cast film was 'SOOum. It 
was men uniaxiaNy oriented 3.2 f jnes after wn:cn tne iine speec was aoot;: 2& meters/ m in. "ne fiim was coated 
on one sice and dried at 75 r C for 2D secencs. The oppesite siae was then ccsrst: and cmec using srmiisr con- 
ditions. Tne air knife coating rsenrtique was used to apply and meter the solution onto me web. The coated 
film was then oriented in the transverse direction 4.8 times yielding the finished lOOjam fiim with a single side 
coating weight of 0.14 gms/meter 2 Testing results are shown in Tables 6 and 7. 

The feeding failures for Example 5 are higher than acceptable, as an extremely low amount of antistatic 
agent was used, which resulted in low conductivity. A higher amount of antistatic agent used with an otherwise 
identical formulation would result in an acceptable failure rate for feedabiiity. 

Example 6 

This was made in the same manner as Example 1, except that 11 ^im PMMAand 5\xm 97/3 PMMA/HEMA 
beads were used in place of the SMA beads. This was tested and the results are reported in Tables 5 and 6. 

Example 7 

This was made in the same manner as Example 1 t except that the 8u.m SMA beads were replaced with 
50/40/10 SMA/HDDA/GMA beads. This was also tested and the results are reported in Tables 5 and 6. ' 

Example 8 

This was made in the following manner using the same emulsion polymer as Example 1. 

A. Pre-mix Preparation. 

Before mixing the bulk coating solution, pre-mixes of the two particulates were made in order to obtain 
adequate dispersion. Master batches of both the 0.25um and 8um beads were made separately by mixing 
each with enough water to achieve a 25% solid suspension. Each master batch was mixed for 15 minutes 
after addition of the water. 

After mixing for 15 minutes, the % solids of each premix was measured to verify that they were 25%, 
1.09 kg of the 0.25fim premix and 10.9 kg of the 8um pre-mix were weight from their respective master 
batches and combined with 454 g of FC-170C (10% in water) in a separate container. This mixture was 
mixed for 15 minutes before addition to the coating solution which is described below. 

B. Coating Solution Preparation 

274.6 kg of deionized water was added to a 1 50 gallon mix tank. With agitation provided by a 3 blade 
impeller, 2.73 kg '^-1120" was slowly added to the mixture. Agitation was maintained throughout the ad- 
dition of the remaining ingr dients d scribed below. 68.2 g of Dow 65 was next added slowly to the mixture. 
7.27 kg propyl carbitol was then added followed by the addition of 12.73 kg NMP. Both were added slowly. 
5.27 kg Cyastat™ 609 was then added slowly to the mixture along with 5.27 kg Cyastat™ SN. 134.1 kg 
of the latex solution was then added slowly to the mixture. Finally, the 12.44 kg of pre-mix described in 
section A was added to the mixture. This completed the solution preparation yielding a 12.52% solids mix- 
ture. 
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This example was also coated and tested as described in Example 1, and the results are shown in Tables 
5 and 6. 



Table 5 



Ex 


Ctg. Wt. 
(g/m*) 


Ctg. Tough- 
ness 


C.O.F. 


Toner Adh. (g) 


Haze <%) 
Pre- Copy J Post-Copy 


Resistivity j 


Is 




3+ 1 0.54 


467 


2.4 


i t 
2.7 ! 


6 |o.14 


I ! 

! 0.37 ! 274 


1.3 1 2.0 i<E 13 ' 



7 .3 0.31 11 6C 3.C .3.4 

.3 .0.19 ;2+ G.25 650 : 2.2 2.2 



Tabie 6 



Feeding tests (Failure/100) 



Examples 


Mita Copier 


Xerox 5028 


5 


1.5 


10 


6 




1.5 


7 


0 


0 


8 


0 


0 



F.Yfrmpieaa-ia 

These examples contain no particles or antistatic agents, and demonstrate the effect of various monomers : 
on toner adhesion. All the examples were made in the same manner as described below: 

A. Preparation of emulsions 

In a first container, 300 g of O.I. water were added to 5.7 g of a 70% active Triton X-405, and 0.5 g of 
Siponate DS-10 with constant mixing. In a separate amber colored bottle, 1 00 g of various monomers, hav- 
ing the identites and parts are shown in Table 7, were mixed. 

To this was then added 0.3 g of ammonium persulfate (initiator) and 0.2 g of CBr 4 . After thorough mix- 
ing, the contents of the first container were slowly added to the amber bottle. The total contents were then 
purged with N 2 , sealed and placed in a launderometer and allowed to shake at medium speed for 16 hours 
at 70°C. After polymerization, the sample was filtered and the percent solids were measured. The solid 
content was determined to be about 25%. 

B. Coating of the emulsion polymer 

The emulsion polymer was diluted with D.I. water to a solids content of about 19.5% and coated onto 
a 500 micrometer thick PET film at a coating weight of about 0.042 g/m 2 . The coated sample was then 
dried at about 0°C for 10 minutes and then simobiaxially oriented (stretching in 2 directions at the same 
time) at 110°C to yield a 50 micrometer thick coated film. The stretched film was then heat set for 15 sec- 
onds at 240°C and laminated to a 50 micrometer thick PET film. The sample was tested for toner adhesion 
using a Xerox™ model 5065 copier according to the test method described above. The results are shown 
in table 7. 
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Table 7 



Example 
No. 


DMAEMA 


EA 


MMA 


Add. 
35 pts. 


Toner 
Adhesion 


Cont 


5 


20 


40 




<169 


9 


5 


20 


40 


I BOA 


>1160 


j 101 




20 j 40 


2F5TEA 1 


>11S0 |j 

ii 


i IX 


5 


20 


4 0 | IDA 2 


: — P 

429 j 


1: 

I 12 


I = i 20 I 4C 1 DCPA 3 [ 440 ;! 
■ 1 : 1- r 


§ 13 


! ' 1 i ! • * 



1 2-phenoxy etinyiacrylate 

2 isodecyl acrylate 

3 dicyclopentenyl acrylate 



Claims 

1. A transparent image-recording sheet suitable for use in a plain paper copier, comprising a transparent 
backing having two major surfaces, said sheet having a machine direction, and a transverse direction, at 

I oast one of sdfd mQjor surfaces having coated - thereon, a transparent wotef -b&sed tonw -receptee coo tiny * 

comprising: 

a) from about 65 to about 99.9 parts of an imageable polymer; 

b) from about 0. 1 to about 1 5 parts of at least one polymeric particle having a mean particle size ranging 
from about 1 urn to about 1 5|im, and 

c) from 0 to about 20 parts of an antistatic agent, 

said toner- receptive coating being coated onto said transparent backing at a time during manufacture of 
said backing selected from the group consisting of 

a) before any orientation of said film, and 

b) after uniaxial orientation in said machine direction. 

2, A transparent image-recording sheet according to claim 1 wherein said transparent water-based toner- 
receptive coating comprises from about 65 to about 99.9 parts of an imaging copolymer formed from 

1) from about 80 parts to about 99 parts of at least one monomer selected from the group consisting 
of bicyclic alkyl (meth)acrylates, aliphatic alkyl (meth)acrylates having from about one to about 12 car- 
bon atoms, aromatic (meth) acrylates and 

2) from about 1 parts to about 20 parts of a polar monomer having the formula: 



CK 2 -C-C-0-(CH 2 ) n -U-R 2 



wherein R is hydrogen or methyl, and R 2 is selected from the group consisting of hydrogen, iden- 
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tical, and differing alkyl groups having up to about 8 carbon atoms, preferably up to about 2 carbon atoms, 
the N-group can also comprise a cation ic salt thereof. 

3. A transparent image- recording sheet according to claim 1 further comprising 

a) from about 0.1 to about 15 parts of at least one novel polymeric, particle comprising 

1) at least about 20 parts by weight polymerized diol di(meth)acrylate having a formula 

CHasCR^OOCnHznOOCR^CHz 
wherein R 2 is hydrogen or a methyl group, and n is an integer from about 4 to about 18, 

2) from 0 to about 80 parts of at least one copolymerized vinyi monomer having the formula 

CH 2 =CR 2 COOC m H 2m+1 

wherein R 2 is hydrogen or a methyl group and m is an integer of from about 12 to about 40, and 

3) from 0 to about 30 parts of at least one copolymerized ethylenically unsaturated monomer se- 
lected from the grouD consisting of vinyi esters, acryilc esters, methacrytic esters, sivrene. deriva- 
tives thereof, and mixtures tnereof. a. b and c having a total of 100 parts, and 

b) from 0 to about 20 carts of an antistatic agent selected from the group consisting of cation :c agents, 
anionic agents, fiuorinared agents, and noniontc agerns. 

4. A rarrsaarerr: imace-recoverirc snee: according ciairr ~ w Herein sa:c wsier-casec. icner-receciive 
coaiinc beirc ccatsc onto sale transoare": seating before sry orientation of seic f iirr.. 

5. A uBnsoarerrrimage-recording sneet according to aaim 1 . wnerein said water-basec. toner-receptive coat- 
ing being coated onto said transparent backing after uniaxial orientation of said film in the machine direc- 
tion. 

6. A transparent image-recording sheet according to anyone of claims 1 to 5 wherein said sheet is further 
subjected to orientation in said transverse direction after said water-based, toner-receptive coating has 
been coated thereon. 

7. A transparent image-recording sheet according to anyone of claims 1 to 6 wherein said sheet further has 
a toner-receptive coating on said second major surface thereof. 

8. A transparent image-recording sheet according to claim 7 wherein said toner-receptive coating on said 
second major surface is a water-based toner-receptive coating. 

9. A transparent image-recording sheet according to claims 7 or 8 wherein said toner- receptive coating on 
said second surface is coated thereon subsequent to said sheet being subjected to transverse orientation. 

10. A transparent image-recording sheet according to claims 7 or 8 wherein said toner-receptive coating on 
said second surface is coated thereon subsequent to said sheet being subjected to uniaxial orientation, 
second surface is coated thereon subsequent to said sheet being subjected to uniaxial orientation. 

11. A transparent image-recording sheet according to claim 1 or 2 wherein said imaging copolymer comprises 
an aliphatic alkyl acrylate selected from the group consisting of methyl acrylate, ethyl acrylate, methyl 
methacrylate, ethyl methacrylate, isobutyl acrylate, isobutyl methacrylate, isodecyl methacrylate, and 
isobutyl acrylate. 

12. A transparent image-recording sheet according to claim 1, 2 or 11, wherein said imaging copolymer further 
comprises a monomer selected from the group consisting of styrene, substituted styrene and vinyl esters. 

13. A transparent image-recording sheet according to claim 1 wherein said antistatic agent is selected from 
the group consisting of steramido-propyldimethyl-p-hydroxy-ethyl ammonium nitrate, N ( N'-bis(2-hydrox- 
yethyl)-N-(3-dodecyioxy-2 , 2-hydroxylpropyl) methylammonium methyisulfate, and mixtures thereof. 

14. A transparent image-recording sheet according to claim 1 or 3 wherein said polymeric particle is selected 
from the group consisting of a 50/50 poly(hexanedioldiacrylate/stearyl methacrylate) particle, a 50/50 
poly(butanedioldiacrylate)/ lauryl(meth)acrylate particle, an 80/20 poly(hexanediol- 
diacrylate)/stearyl(meth)acrylate particle, a 50/50 polymethylmethacrylate/1 ,6 h xanedioldiacrylate par- 
ticle, a C 14 dioldiacrylate particle, a C 12 dioldi(meth)acrylate particle, and a 40/50/10 
poly(hexanedioldiacrylate) /stearyl(meth)acrylate/glycidyl(meth)acrylate particle. 
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An transparent image-recording sheet according to claim 14 further comprising an additional polymeric 
particle containing from about 50 to about 80 parts haxanedioldiacrylate and from about 50 to about 20 
parts stearylmethacrylate, said particle having an average particle size of from about 0.25|im to about 
15u,m. 

A transparent image-recording sheet according to anyone of claims 1 to 15 further comprising and additive 
selected from the group consisting of coalescing agents, wetting agents, crosslinking agents, catalysts, 
thickeners, adhesion promoters, glycols and defoamers. 

A transparent image-recording sheet according to anyone of claims 1 to 16 wherein said substrate is se- 
lected from the group consisting of polyesters, poly(ethylene naphtalate), polystyrenes, cellulose triace- 
tate and mixtures thereof. 

A process for making the transparent image-recording sheet of claim 1 comprising the stecs of 

a) forming said substrate by a process selected from extrusion and casting, said substrate having a 
first side and a second side, a machine direction and a transverse direction 

b) uniaxiahy orienting said substrate cy stretching, ir. said machine direction. 

c) coating said imaging ieyer or. saic first side and drying it to form said image- recording sheet, and 

d) orienting said image recording sheet dv stretching in said transverse direction. 

A process for making tne transparent image- recording sheet of claim 1 comprising the steps of 

a) forming said substrate by a process selected from extrusion and casting, said substrate having a 
first side and a second side, a machine direction and a transverse direction 

b) coating said imaging layer on said first side and drying it to form said image-recording sheet 

c) coating a toner-receptive coating on said second major surface. 

d) uniaxially orienting said substrate by stretching, in said machine direction, and 

e) orienting said image recording sheet by stretching in said transverse direction. 
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